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The Success of Jet-Quenching at RHIC
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Away side Jet suppression consistent with jet-quenching picture




Jet Tomography and Medium Modification

Jet “loses” energy and responds to the medium
-> possibility to use jet response for “tomographic imaging”

But the “lost” energy is not lost, it's transferred to the medium

and can excite the medium -> if medium is sufficiently

strongly interacting, can we observe the medium’s “response” to

the jet?

-> possibility to use medium response to the jet as a tool to study
the novel QCD matter formed at RHIC

In this talk concentrate on the medium

response of the jet



‘Gt? Strongly Interacting Matter at RHIC
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Shear Viscosity to Entropy Density Ratio

R. Lacey et al. Phys. Rev.
Lett. 98,092301 (2007)
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Bulk matter at RHIC exhibits characteristics of a strongly interacting
partonic fluid with low viscosity to entropy density ratio:

Observable medium response to jet likely




Do we see “Hints” of such a Medium Response?

A
T. Renk, J. Ruppert
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Strong centrality dependent modification Not the only explanation:

of away-side jet in Au+Au

be linked to medium response
scenarios?

Can these correlation patterns _



What to expect of medium induced correlations?

Expect similar modification patterns for similar medium

-> test via centrality, beam energy
and system size dependence



System Size Dependence of Correlations
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No strong system size dependence of correlation pattern observed within
systematic errors (small yield differences due to path length effects?)



Let’s take a closer Look at these Shapes

Characterize away-side shape via:
RMS : measures width of away-side peak
Kurtosis : <(A¢—n)4>/RMS?, the 4th central moment,
measures “gaussian-ness” of peak (= 3 for

Gaussian)

D : distance between away-side peak and A¢=n from double
gaussian fit -> approximates peak-position
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Energy and System Size Dependence of Shape Parameters
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‘Gt? But medium not too different over this range ...
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What about the near-side?

J. Putschke (STAR), PANIC 2006

0.25¢

0.1

0.05—

-0.05]

Au+Au 20-30%

3 + AP(I+R)

u Method
|An|<1.7

st y X

++ M Hy ittt t

+4 4
n Vy moollulated‘ bkg. s‘ubtractled
-3‘”'-2””-1”“0‘“‘1HH2HH3

J = near-side jet-like corrl.
R = “ridge”-like corrl.

- AnQJ)

= Method

= |A$|<0.7
+

-+

; ot

+++ const bkg. subtracted + +

H-ol.SHHtll‘ Hlo.ls‘ ‘II‘|IIII‘1.|5|
An

3 Ap(J)

3 method
++++++++ +oatt
T

B no bkg. subtraction

s e T

12



&

Centrality, pT and system size dependence

J. Putschke (STAR), PANIC 2006
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Can we constrain the origin of the medium response?

Differential Measurements / New Observables

-> pT dependence
-> particle composition in jets

-> unravel jet topologies via three-particle correlations

14



P+ Dependence of Shape Parameters

PHENIX Preliminary
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Ratio to 60-92%

Gﬁ? P+ Dependence of Yields

What if away-side correlation is combination of jet
suppression and medium response?
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Interplay ofi jet modification and medium response
on away-side likely
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Jet Associated ldentified Particle Correlations

Meson vs. Baryon associated partner (for fixed Hadron trigger)
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Jet Associated Baryon to Meson Ratio

Meson vs. Baryon associated partner (for fixed Hadron trigger)
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‘Gﬁ? One Possible Scenario

Jet quenching can introduce 2-
.. r__ body correlations between the
i jet and the medium:

R. Fries, S. Bass and B. Mueller
nucl-th/0407102

Data not Inconsistent with a scenario where partons
from medium excitation “remember” jet direction.

the jet and It’s medium excitation are correlated.
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‘Gﬁ? So where do we stand... ?

Intermediate p; away-side correlation structures are
consistent with being dominated by medium response to jet.

Centrality dependent rise of away-side baryon to meson
ratio rules out modification conjectures that require the
jets to fragment predominantly outside of the medium.

Poses constraints on other models.

No clear distinction between deflected “wake” or mach
cone from two particle correlations.

Need additional topological information:

3-particle correlations
20



Gy STAR Approach

triggerAparticIe 1
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013

back-to-back jets
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ook at azimuthal angle between (high pT) trigger

particle and (lower pT) associated particles
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Deflected versus conical medium response
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Data for 0-5% Au+Au
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Cone Position ?

Average Cone Signal
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PHENIX Approach

Polar plot
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Deflected versus conical medium response
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‘Gﬁ? Cone Position ?

Total 3-particle Jet Correlation
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What do 3-particle correlations tell us?

Both experiments (STAR and PHENIX) observe correlation
patterns that are consistent with conical flow but other
contributions to true 3-particle correlations cannot be ruled
out.

Quantitative analysis is difficult and extraction of peak
position is complicated

High statistics RUN7 data should allow additional handle
on systematics for quantification of the observed signals.

... we live in exciting times :-)
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Summary and Conclusion

> Strong modification of away-side peak is reflected in 2-particle
correlations. Systematic trends consistent with medium response
to jet

> Particle composition of away-side correlation signal is inconsistent
with vacuum fragmentation, but shows similar trends as the bulk
matter. This can be qualitatively understood in a recombination
model where the medium excitation and the jet direction are
correlated

> Three particle correlations are consistent with mach cones, but
cannot rule out other contributions, as well.

> The response of the medium to the jet is as important for
characterizing the QCD matter at RHIC as the response of the
jet to the medium. 30
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Decomposition of Flow and Jet Signals

N.N. Ajitanand et al. m

Phys. Rev. C 72, 011902 (2005)
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Signals via two separate Methods



Gt? Test of Ansatz

Phys. Rev. C 72, 011902 (2005)
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Three Particle Correlations

See N.N. Ajitanand’s talk Ad=0 Cent=0-5%
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Jet Associated Identified Conditional Yields

Near Side Away Side
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Near Side CQuark jets (dusch) Gluen jets
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Figure 5: Momentum spectra of identified hadrons in quark and
gluon jets a)-c) spectra of pions, kaons, and protons in quark

Baryon yield dependence jets; d)-f) corresponding spectra for gluon jets in events with
consistent with jet phySics | sttty e et e
in e-e collisions
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Fully Identified Jet Functions

Meson vs. Baryon trigger (for fixed Meson partner)

1<Py ragon<1-5<Py 4, <2.5 GeVIc \
0.4 e mesen 17 g 77 T .

—— Tri
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0.3 |- Centrality = 0-20% — Trigger Baryon

0.2 - o® —

L
0.1 ol 0 e 308

/ ZYAM subtr. J(A¢) (arb. unitsm

Trigger particle species dependent jet modification
at intermediate p; ?
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Can we do energy calibrated studies of the medium response?

 Normal dijet (n°-h):

— Trigger bias: E, < Ej,

— Possible surface bias
* Direct ytagged jet:

_ Proposed in hep-ph/9605213
— No fragmentation: E, ~ E, ~10 years ago
— No strong interaction, sensitive
to the whole medium

<z>~0.75

/ ! Fix maximum jet energy that
can be transferred to the
medium, check for consistency

e IN medium response.
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Methodology in a Nutshell

Inclusive

o generate InCI' 7/-h per trlgger yleld ig,;_PH/Ele 2<pnm<5 ................................... .............

@ generate decay »h per trigger yield { :
2 ' |

(Use pair by pair waiting with MC factor
for prob. That z? at given p; decays to
yin p;range of interest)

I ‘ , .

© subtract decay »h per trigger yield  { [ R:3 ptp
from ;/—h per trigger yield %w; | |

dlr h R I(RYInC h deC h) R #InCIUSIVe 'Yr U-—l | + R — l -------- + ........... Wi o

#decayy — 1



v-h Correlations in p+p

e data
— PYTHIA
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- PHENIX Preliminary
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M. Nguyen (Stony Brook)

Reasonable agreement between data and PYTHIA
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v-h Correlations in Au+Au

Black: Au+tAu Red: p+p

associated h*" pr<[2,5]GeV/ie, trigger p<[7.9]GeV/c
T T | T T T I T T T
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We have the tools,
we just need the statistics... 43



